Visual search tasks support a special role for direct gaze in human cognition, while classic gaze judgment tasks suggest the congruency between head orientation and gaze direction plays a central role in gaze perception. Moreover, whether gaze direction can be accurately discriminated in the periphery using covert attention is unknown. In the present study, individual faces in frontal and in deviated head orientations with a direct or an averted gaze were flashed for 150 ms across the visual field; participants focused on a centred fixation while judging the gaze direction. Gaze discrimination speed and accuracy varied with head orientation and eccentricity. The limit of accurate gaze discrimination was less than ±6° eccentricity. Response times suggested a processing facilitation for direct gaze in fovea, irrespective of head orientation, however, by ±3° eccentricity, head orientation started biasing gaze judgments, and this bias increased with eccentricity. Results also suggested a special processing of frontal heads with direct gaze in central vision, rather than a general congruency effect between eye and head cues. Thus, while both head and eye cues contribute to gaze discrimination, their role differs with eccentricity.
Introduction
Gaze direction is essential to nonverbal communication and is central to human social cognition (see Conty, 2008, and Batty, 2009 for reviews). Direct gaze or mutual gaze (eyes looking at you) conveys vital social information and may signal kindliness or affability (Kleinke, 1986) , or potential threats such as anger or hostility (Ellsworth & Carlsmith, 1973) . By contrast, averted gaze (eyes looking away from you) is mainly used as a cue to others' focus of attention, and can also orient one's attention to specific places or persons (Driver et al., 1999; Friesen & Kingstone, 1998; see Frischen et al., 2007 for a review), a phenomenon thought to play an important role in mental state attributions (Baron-Cohen et al., 1997) . Accurate gaze discrimination is thus fundamental for proper communication and for navigating our social world.
Gaze discrimination is already seen in neonates (Batki et al., 2000; Farroni et al., 2002) , and monkey cell recordings indicate that face selective neurons in the superior temporal sulcus (STS) are sensitive to gaze information (Perrett et al., 1985 (Perrett et al., , 1990 ). An innate neurocognitive mechanism known as the Eye Direction Detector (EDD; Baron-Cohen, 1994) has been proposed, which would be specialized in detecting eyes and their gaze direction in the environment, and especially whether someone is looking at, or away from, the observer. However, neurons in the monkey STS are also sensitive to other cues such as head orientation and even body position (Perrett et al., 1982 (Perrett et al., , 1985 , which led some to propose a more general Direction of Attention Detector (DAD; Perrett & Emery, 1994 ) that would infer others' attention based on the integration of directional information coming from the eyes (iris eccentricity), but also from the head and body positions.
Many behavioural studies in humans have shown that gaze judgments can be affected by the orientation of the head (Anstis et al., 1969; Kluttz et al., 2009; Langton, 2000; Langton et al., 2004; Ricciardelli & Driver, 2008; Seyama & Nagayama, 2005; Shirama, 2012; Todorović, 2006 Todorović, , 2009 Wollaston, 1824) , thus supporting the DAD hypothesis. For example, reaction times to discriminate gaze direction are shorter when the eyes and head are oriented in the same direction than when they are oriented in different directions (Itier et al., 2007a (Itier et al., , 2007b Langton, 2000; Seyama & Nagayama, 2005; Todorović, 2009) , reflecting a congruency effect between eye direction cues and head direction cues. Recent studies even suggest that although different, iris eccentricity and head direction cues jointly specify perceived gaze direction and that they are dependent on one another, each alone being insufficient for gaze perception (Todorović, 2006 (Todorović, , 2009 . This theoretical framework highlights the dependence of gaze perception on head direction, but makes no assumption as to whether one gaze direction is discriminated better and/or faster than the other and what role head orientation might play in this discrimination asymmetry.
In contrast, other lines of research support a special status for direct gaze discrimination. For instance, in visual search studies, direct gaze is discriminated faster and more accurately than averted gaze in a crowd of opposite-gaze distractors-a phenomenon known as the "stare-in-the-crowd effect." This effect has been shown using pairs of schematic eyes (von Grünau & Anston, 1995) , photographs of three-quarter view faces (Senju et al., 2005 ; see also Doi & Ueda, 2007; Doi et al., 2009) , or photographs of eye regions from deviated heads (Conty et al., 2006) . The fact that this effect has been shown with deviated head views suggests that attention capture by direct gaze is not just due to the visual symmetry between the dark iris and white sclera of the eyes in front-view faces, but rather to the perception that the gaze is directed at the observer (Conty et al., 2006; Doi & Ueda, 2007; Doi et al., 2009; Senju et al., 2005 ; but see Shirama, 2012 for the suggestion that what drives the stare-in-thecrowd effect is the frontal view of the face).
Importantly, the stare-in-the-crowd effect is seen in visual search paradigms which are very different from typical gaze discrimination paradigms in terms of stimuli presentation (arrays versus central presentation) and task (rapid discrimination of a given gaze direction among distractors versus looking-at-me/looking-away judgments or judgments of actual gaze direction angles). Furthermore, visual search paradigms involve the movement of the eyes to fixate on the target before responding, thus using overt attention. However, very little research has examined how gaze direction is discriminated when the stimuli are in the viewer's peripheral field of view, using covert attention. If direct/mutual gaze is so important for social interactions, it would make sense that it also catches attention in the periphery. It has been proposed that faces could be detected by a subcortical face detection system (Johnson, 2005) that would also enable eye contact discrimination in the periphery, picking up contrast information between the circular dark iris and the white sclera of the eyes (Senju & Johnson, 2009) . One visual search study reported better discrimination of direct than averted gaze looking characters situated in the visual periphery (Palanica & Itier, 2011) . Other studies using change detection (e.g., Yokoyama et al., 2011) and interocular suppression (e.g., Stein et al., 2011; Yokoyama et al., 2013) also support the view of a preferential processing of direct gaze in faces presented covertly. However, these studies did not manipulate the eccentricity at which those faces were presented or the direction of the face. It is thus still unclear how gaze direction is discriminated covertly in the viewer's peripheral field of view, and what role head direction plays in the periphery. Loomis et al. (2008) presented face stimuli with various gaze directions at different visual eccentricities and found that participants' judgments of gaze direction were only reliable in central vision, up to 4° of horizontal eccentricity 1 , while judgments of head orientation were reliable all the way to 90° of eccentricity. That study however, focused on gaze judgment accuracy (participants judged lookers' facing direction using a haptic pointer) rather than on direct/averted gaze discrimination, and did not measure reaction times so the speed at which gaze was processed outside of foveal vision could not be determined. An important measure in many gaze discrimination paradigms (e.g., stare-in-the-crowd effect) is response time, since any hypothetical cognitive mechanism related to gaze discrimination (e.g., DAD) should function quickly to determine if one is the focus of attention (or possibly in danger). In a series of six experiments, Burton et al. (2009) showed that eye gaze could not be perceived from unattended faces presented in the vertical periphery even when their size was adjusted to match that of centrally presented items in terms of cortical representation, thus concluding that gaze processing requires focused attention. In contrast, the head direction (side profile views) of these distracter faces impacted responses to the centrally presented items, suggesting that head direction might be processed outside of focused attention (supporting Loomis et al., 2008) . Recently, Yokoyama et al. (2014) refined this conclusion by conducting a dual-task paradigm in which participants discriminated a set of centrallypresented letters and discriminated the gaze direction of a parafoveally-presented face. Results showed that direct gaze faces could be perceived without focused attention while averted gaze perception required focused attention. However, similar to Loomis et al. (2008) , reaction times were not measured, and Yokoyama et al. (2014) only used front-view faces presented within central vision (~5° eccentricity) 2 . Thus, it remains unknown whether gaze 1 Vision scientists discriminate between central vision, which encompasses foveal vision (~1° eccentricity on either side of fixation) and parafoveal vision (1-5° eccentricity), and peripheral vision, which encompasses everything beyond parafoveal vision (Calvo & Lang, 2005; Larson & Loschky, 2009) . Foveal vision corresponds to the spatial focus of overt attention, whereas parafoveal and peripheral vision involve covert perception outside the focus of attention. This terminology will be used in the remainder of the paper. 2 Yokoyama et al. (2014) used facial images (3° × 3°) positioned along the edge of an imaginary rectangle subtending 8° × 10° of visual angle (i.e., 4° of visual angle from the vertical edge of the rectangle to centred fixation, and 5° of visual angle from the horizontal edge to centered fixation; see Figure 1 from their study). Thus, the distance from the centred fixation to the centre of the face (i.e., which is how we calculated the eccentricity measurements in the current study) would subtend less than 5° of visual angle.
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The goal of the present experiment was three-fold. First, we examined whether and to what extent gaze direction could be covertly discriminated in the periphery above chance level. Second, we investigated whether direct gaze was faster and more accurately discriminated than averted gaze, and, if so, at what visual eccentricities. Third, we examined to what extent head orientation affected gaze discrimination in the periphery. We measured the speed and accuracy of gaze discrimination when faces were presented across the visual field (between 0° and ±12° of eccentricity) while fixation was centred and enforced by an eye-tracker. Based on previous research (Loomis et al., 2008; Burton et al., 2009; Yokoyama et al., 2014) , we predicted that gaze discrimination would be above chance only in central vision (0° to ±5°) where acuity is high. As eccentricity increases and visual acuity decreases, perception of eye cues should become more difficult, and thus error rates and RTs should increase. Based on the visual search literature (e.g., Conty et al., 2006; Doi & Ueda, 2007; Doi et al., 2009; Senju et al., 2005; Shirama, 2012; von Grünau & Anston, 1995) , we predicted that direct gaze faces would be discriminated faster and more accurately than averted gaze faces (across head orientations) in central vision, where gaze discrimination is accurate. Based on the gaze perception literature (e.g., Langton, 2000; Seyama & Nagayama, 2005; Itier et al., 2007a Itier et al., , 2007b Todorović, 2009) , we also predicted congruency effects between head and gaze directions, such that direct gaze discrimination should be fastest in frontal heads while that of averted gaze should be fastest in deviated heads. However, if gaze is accurately perceived in central vision only, while head orientation is accurately perceived in the periphery (Loomis et al., 2008; Burton et al., 2009) , then a bias toward using head orientation cues to discriminate gaze should be seen in the periphery.
Methods Participants
A total of 24 participants completed the experiment. Two participants were rejected due to eye calibration issues, one due to fatigue and one due to an insufficient amount of data, leaving a final sample of 20 participants included in the analyses (11 females, 9 males; 19 right-handed; age range 19-23 years, M = 20.7). Participants were undergraduate students from the University of Waterloo (UW), with normal or corrected-to-normal vision, who took part in the study for course credit. The study received full ethics clearance from the UW Research Ethics Board and all participants signed informed written consents.
Stimuli
Greyscale photographs of 8 individuals (four men, four women) with neutral expression were taken from George et al. (2001) . Each face was photographed against a black background with the head pointed straight towards the camera (i.e., frontal heads) and with the head oriented 30° to the right side (i.e., deviated heads), with the eyes looking straight ahead at the camera (i.e., direct gaze) or 30° to the right side (i.e., averted gaze). These four pictures were then mirror-reversed using Adobe Photoshop to avoid any bias between the left and right sides. The face photographs subtended a visual angle of 4.4° horizontally by Palanica and Itier Page 4 Vis cogn. Author manuscript; available in PMC 2017 March 22.
6.6° vertically. The eye region subtended a visual angle of 2.5° horizontally by 0.5° vertically for frontal heads, and 2.2° horizontally by 0.5° vertically for deviated heads (slightly narrower as the faces were oriented to the side). The iris diameter subtended 20 minutes of arc for all face stimuli. Examples of the types of stimuli used in the study are shown in Figure 1 ; however, note that these are not the actual face stimuli used (see George et al., 2001 for accurate examples).
Apparatus
A Viewsonic PS790 CRT 19-inch colour monitor was used to present the stimuli (Intel Corel 2 Quad CPU Q6700; 1024 × 768 pixels; 60 Hz frame rate). We used a remote EyeLink 1000 eye-tracker from SR Research with a sampling rate of 1000 Hz to control for participants' initial fixation and record any possible eye movements during stimulus presentation. Participants' viewing position and distance were maintained by chin and forehead rests. At a viewing distance of 70 cm, the monitor subtended a visual angle of 29.2° × 22.2°.
Procedure
Participants were instructed to focus on a central fixation cross at all times (see Figure 1) . Before each trial, the fixation cross (1° × 1°) was presented for 1200 ms, and then became a fixation trigger that participants must have focused on for 300 ms to activate the next trial. For each trial, an individual face was presented for 150 ms randomly in one of 9 possible locations aligned horizontally across the screen. Each face centre was positioned from −12° to +12° visual angle horizontally (the widest limit achieved with the computer screen). The centres of each adjacent face position were separated by 3° of visual angle horizontally. Following stimulus presentation, participants were required to discriminate whether the target face had a direct or an averted gaze as quickly and as accurately as possible, using a two-button press with their index and middle fingers of their dominant hand. Buttons were counterbalanced across participants. The next trial started 1000 ms after the end of stimulus presentation, regardless of whether a response was made or not. Before each study session, 9 practice trials (one for each possible stimulus location) were presented to familiarize participants with the stimuli and task.
Half of the stimulus trials consisted of frontal heads, while the other half consisted of deviated heads. For each head orientation, half of the trials consisted of direct gaze (DG) faces that looked straight ahead toward the observer while the other half of trials consisted of averted gaze (AG) faces (half looking to the left and half looking to the right). It may be argued that straight gaze in the periphery would be perceived as non-mutual gaze, and similarly, averted gaze in the periphery in the direction of the observer may be perceived as mutual gaze contact. However, at debriefing, all participants confirmed that they were aware of the difference between gaze directions across all eccentricities and did not perceive an averted gaze as a mutual gaze or a direct gaze as an averted gaze in the periphery.
For each eccentricity, there were 32 frontal DG trials, 32 frontal AG trials, 32 deviated DG trials, and 32 deviated AG trials, totalling 1152 trials which were divided into 8 blocks of 144 trials each. Head orientation, gaze direction, and eccentricity presentation were 
Data Analysis
Left-and right-averted gaze directions were combined and averaged for each target position. Preliminary analyses revealed no significant differences between left-and right-averted gaze targets across eccentricities. Mean RT data were computed using only correct responses. For each subject, RTs that were below 150 ms (0.1% of the data) or exceeded 2.5 standard deviations (6.7% of the data) from the mean of each gaze condition per eccentricity were discarded. All trials where more than one fixation was made (i.e., when participants moved their eyes away from the centred fixation) were eliminated (2.8%). RTs exceeding 1000 ms were recorded as a miss (3.9%). Miss rates did not vary significantly across gaze conditions or eccentricities. Error rates were calculated as the number of false alarms (e.g., pressing the AG button when a DG face was presented, or vice versa) that were made out of the total amount of responses that could have been made for each individual eccentricity. As this was a two-button press, forced choice task, a 50% error rate to a particular condition is chance level performance. If a participant responded using only one button for each trial (e.g., DG button), then their error rate for DG would be 0% and their error rate for AG would be 100% (i.e., 100% false alarm rate and 0% hit rate for AG, assuming 0% misses). Preliminary analyses revealed that none of the participants followed this pattern of response. For clarity, we only reported error rates. We also reported the overall percentage of responses to each gaze condition regardless of whether participants were correct or not, indicating a possible response bias to press one button over the other. Preliminary analyses also revealed no significant effects of participant gender or stimulus gender on gaze discrimination.
RTs, percent error rates, and percent response rates were analyzed using a 2 (head orientations) by 2 (gaze directions) by 9 (eccentricities) repeated measures ANOVA. The Greenhouse-Geisser degrees of freedom correction was used when the sphericity assumption was violated (i.e., when the Mauchly's test of sphericity was significant) 3 . Subsequently, for each dependent measure (RT, error rate, response rate), planned paired sample (two-tailed) ttests were performed comparing the two gaze conditions within each head orientation at each target position, as well as comparing the two head orientations within each gaze direction at each target position. The Bonferroni correction was used for these planned ttests comparing the two gaze conditions and two head orientations across the 9 eccentricities (i.e., 36 comparisons), making p value significance thresholds at .0014. To determine the peripheral eccentricities at which gaze was discriminated above chance level, error rates for each gaze condition were compared to chance level at each eccentricity using one-sample ttests (two-tailed, with a test value of 50), with the same adjusted p values as above (i.e., .
0014).
3 For clarity, only the adjusted p-values were reported and the original degrees of freedom kept.
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Results
For RT results (Figure 2A reflected that RTs to averted gaze faces were the longest and were not modulated by eccentricity (effect of eccentricity at p > .3 for AG faces tested separately). In contrast, RTs to DG faces increased with eccentricity. These RTs increased steadily up to the extreme eccentricities for frontal heads, while for deviated heads, the increase was sharp from 0 to ±3°, and levelled off by ±6°. RTs were also faster for DG than AG for frontal heads from −6° to +6° (planned t-tests, all p < .001), while for deviated heads, RTs were faster for DG than AG faces only at 0° (p < .001). RTs were also faster for DG frontal than DG deviated heads from −6° to +6° (planned comparison t-tests, all p < .001). By contrast, no differences in RTs were found between AG deviated and AG frontal heads. The overall pattern suggested a clear distinction between DG frontal heads and the other three conditions. clearly showed lower error rates for frontal heads with direct gaze followed by deviated heads with averted gaze (the two congruent conditions), and then by the two incongruent conditions, which did not differ. Error rates increased steadily with eccentricity for frontal view DG faces but performances well above chance level at all eccentricities (p < .001). In contrast, the increase in error rates levelled off for the other three conditions by about ±6°. For the deviated view AG, errors were also well above chance level at all eccentricities (p < . 001). For the two incongruent conditions, performances reached chance level by ±6° (using a one-sample t-test, p > .1). For frontal heads, DG faces elicited lower error rates than AG faces from −9° to +9° (planned t-tests, all p < .001), except at 0°. For deviated heads, AG faces elicited lower error rates than DG faces from +9° to +12° (all p < .001). Additionally, lower error rates were found for DG frontal than DG deviated heads at all eccentricities (all p < .001), while lower error rates were found for AG deviated than AG frontal heads at all eccentricities (all p < .001), except between −3° and +3°.
For overall response rates (irrespective of hits or errors; Figure 2C ), a main effect of head orientation (F(1, 19) = 8.97, MSE = 33.13, p < .01, η p MSE = 442.10, p < .05, η p 2 = .14), head orientation and gaze direction (F(1, 19) Additionally, the DG responses were made more often for frontal heads than for deviated heads at all eccentricities (all p < .001, except at +12°), while the AG responses were made more often for deviated than frontal heads at all eccentricities (all p < .001), except between 0° and +3°.
Discussion
In this experiment, we investigated whether and to what extent gaze direction could be accurately discriminated in the periphery, and whether direct gaze was discriminated better than averted gaze when presented in both the central and peripheral visual fields. We also examined to what extent head orientation affected this gaze discrimination judgment. Both frontal and deviated faces were presented randomly across nine eccentricities while fixation on a centred fixation cross was enforced by an eye-tracker, thus ensuring the use of covert attention. Participants discriminated between direct gaze (DG) and averted gaze (AG) using two response buttons, while RTs, error rates, and response bias were recorded.
Error rates increased with eccentricity as expected, given the decrease in visual acuity from central to peripheral vision (e.g., Larson & Loschky, 2009 ) and the importance of iris position (a local detail) in gaze perception (e.g., Ricciardelli et al., 2000; Sinha, 2000) . This increase was also steeper for the incongruent gaze-head conditions (i.e., AG frontal and DG deviated faces) than for the congruent conditions (i.e., DG frontal and AG deviated faces), with chance level reached at ±6° eccentricity for the incongruent conditions. This pattern seemed driven by the response bias, with participants making more "DG" than "AG" responses for frontal heads, and more "AG" than "DG" responses for deviated heads (although this bias was more pronounced for frontal heads). This response bias was also more pronounced in the periphery than in central vision, leading to more errors for the incongruent conditions with eccentricity (with a larger difference for frontal than deviated heads).
When faces were presented within foveal and parafoveal vision (i.e., from 0° to < ±6°), error rates were low for both gaze directions (across head orientations), suggesting true gaze discrimination. Thus, the limit of accurate gaze discrimination was between 3° and 6° of eccentricity, i.e., within central vision, in line with previous studies (Burton et al., 2009; Loomis et al., 2008; Yokoyama et al., 2014) . Previous research using centrally presented faces has shown that gaze judgments can be strongly affected by head orientation (Anstis et al., 1969; Kluttz et al., 2009; Langton, 2000; Langton et al., 2004; Ricciardelli & Driver, 2008; Seyama & Nagayama, 2005; Shirama, 2012; Todorović, 2009; Wollaston, 1824) , and thus that head and eye cues are both necessary for gaze judgments even in fovea. Using covert attention, the present study showed that head orientation starts biasing the gaze direction judgment as early as ±3° and that this bias increases with eccentricity. This effect is likely due to visual acuity diminishing very rapidly outside of foveal vision (Larson & Loschky, 2009), and thus eye cues receiving increasingly less importance for gaze judgments with eccentricity. That is, as the eye cues were more difficult to discriminate in the periphery, participants were more likely to press the direct gaze button when the face was in front view and the averted gaze button when the head was turned. The larger size of the head is easier to see in the periphery compared to the eyes (Loomis et al., 2008) , and may lead to a global information bias (see Navon, 1977) , where global information (i.e., head orientation) receives priority over local information (i.e., eye direction) for gaze judgments. The larger size of the head compared to the eyes could thus also account for the increased reliance on head orientation in covert gaze judgments.
Using head orientation as a primary indicator for gaze direction in the periphery makes sense since head direction can be seen from a much farther eccentricity than iris position (Loomis et al., 2008) , and the two are normally congruent with each other. Additionally, if the eye region is occluded (e.g., by sunglasses; Nuku & Bekkering, 2008) or obscured by shadows, then the head can be used to infer attention direction, an idea already suggested by research in monkeys (Perrett et al., 1992) . In instances of low eye region visibility, priority could be given to head direction as an indicator of social attention. Our results show that this is the case in the peripheral field when iris position is no longer clearly visible. Electrophysiological studies in monkeys provide evidence that neurons in the STS integrate information from iris position, head orientation and body position (Perrett et al., 1982 (Perrett et al., , 1985 . In humans, neuroimaging studies suggest that two distinct regions of the STS are involved in gaze processing. The anterior part (aSTS) has recently been shown to contain distinct neural populations sensitive to the different directions of gaze, as revealed by neural adaptation (Calder et al., 2007) . The posterior part (pSTS) in contrast, has been involved in the processing of gaze (Allison et al., 2000; Hoffman & Haxby, 2000) , but also biological movements (Puce & Perrett, 2003) , and recent studies suggest that it is involved in the social relevance of gaze signals and the general analysis of social intentions of human actions (e.g., Pelphrey et al., 2003 Pelphrey et al., , 2004 Saxe et al., 2004) rather than in gaze direction discrimination per se. Although it is at present unclear how the coding of head orientation impacts the processing of gaze direction in the human brain, all of these findings support the general Direction of Attention Detector as a basis for social attention (Perrett & Emery, 1994) . Future neuroimaging studies will have to investigate this coding issue more carefully, as the present behavioural findings can only speculate on possible cognitive mechanisms involved with these gaze discrimination processes.
For frontal heads, DG faces were discriminated faster than AG faces until ±6° eccentricity. Taking into account the fact that by ±6° performances were at chance level for incongruent conditions, these results reflect truly faster (and more accurate) discrimination of the DG frontal head condition below these eccentricity limits, i.e., within central vision. For deviated heads, faster RTs for DG than AG faces were also seen for the centred position, when participants were directly fixated on the target. This result is in line with the stare-in-thecrowd effect literature supporting a facilitation of direct gaze processing (Conty et al., 2006; Doi & Ueda, 2007; Doi et al., 2009; Senju et al., 2005; Shirama, 2012; von Grünau & Anston, 1995) . Thus, even in this non-visual search paradigm, direct gaze processing was facilitated compared to averted gaze processing regardless of head orientation, within foveal vision. Faster responses to DG for centrally presented faces in front views were also reported Palanica and Itier Page 9 Vis cogn. Author manuscript; available in PMC 2017 March 22.
in previous studies on gaze perception (e.g., Langton, 2000; Seyama & Nagayama, 2005; Itier et al., 2007a Itier et al., , 2007b Pageler et al., 2003; Todorović, 2009 ). However, in contrast to the current study, for deviated head views, these previous studies usually reported either no gaze difference (e.g., Itier et al, 2007b; Pageler et al., 2003) or a congruency effect with faster responses for averted than direct gaze (e.g., Langton, 2000; Seyama & Nagayama, 2005; Itier et al., 2007a; Todorović, 2009 ). The specific design used might play an important role in these discrepant results for deviated heads, in particular, with the face always being centrally presented as in these previous studies, or presented randomly at different eccentricities as in the current study. Note that the lack of congruency effect in RTs for deviated heads was seen at all eccentricities in the present study. Thus, the present data support the idea of a real facilitation of processing for direct gaze in fovea that is not due to head orientation. Beyond fovea, the faster responses to DG might be driven by the combination of DG with a frontal head view.
Overall, our results suggest that the combination of a frontal head view with a direct gaze elicited the best and fastest response compared to the other three gaze-head combinations across most eccentricities (Figure 2 ). This specific combination of front view and direct gaze has been suggested to drive the stare-in-the-crowd effect (Shirama et al., 2012) . Several factors might contribute to this front-view-direct-gaze effect. First, it corresponds to the innate face template for which human infants show a preference Farroni et al., 2002) . Second, parents usually direct both their head and eye gaze toward their offspring to capture their attention and also to perceive the infant's wants and needs, making the front head with direct gaze the most prevalent visual stimulus infants are exposed to early in life. Third, in typical real-world situations, interpersonal communication usually occurs face to face. For instance, to grab another person's attention, one will tend not only to shift their gaze, but also move their face toward the person of interest. Because it is physically uncomfortable to direct one's eyes to the far side for a long period of time, people typically align their heads and eye direction to people/ objects of interest. The intent in social interaction may also be perceived as stronger when both head and gaze directions are oriented toward us. Thus, the extra attention summoned by a frontal head with DG over and above the other conditions may be the result of both an innate preference for, and a learned response to that stimulus.
In conclusion, these findings support the notion that humans have a specialized cognitive mechanism capable of rapidly responding to important social signals in the environment. One such signal is gaze direction that gives cues to others' attention and intentions. Our findings show that both head orientation and gaze direction contribute to gaze discrimination in the environment, supporting the Direction of Attention Detector that would integrate directional information from eyes, head, and body position (Perrett & Emery, 1994) . While the integration of both eye and head orientation cues is necessary for accurate gaze perception even in fovea (Todorovic, 2009) , the importance given to head orientation cues seems to increase beyond foveal view and especially in the periphery while eye cues might be given less importance due to decreased acuity. The data also highlight the special role played by frontal heads with a direct gaze, the most attention-capturing face stimulus. Different emphasis might be given to eye and head cues depending on whether overt or covert attention is applied, an idea that future studies will need to explore further. Schematic representation of stimulus presentation. The dotted rectangles are shown to represent all of the 9 possible locations of stimuli presentation, but were invisible during trials. Negative (−) eccentricities represent target positions to the left of fixation, while positive (+) eccentricities represent those to the right of fixation. The fixation cross was shown during the entire duration of each trial to keep participants' fixation focused. Please also note that for averted gaze faces, both left-and right-looking faces were used, and for deviated head views, both left-and right-facing head orientations were used. Results, as a function of gaze direction and eccentricity, for (A) RT responses, (B) Error rates, and (C) Response presses (all shown with standard error bars). Please note that for (B) and (C), gaze direction data were computed within each head orientation (i.e., DG vs. AG for frontal heads, and DG vs. AG for deviated heads). DG vs. AG paired comparisons: stars above lines represent deviated head comparisons; stars below lines represent frontal head comparisons; *p < .001. Palanica and Itier Page 15 Vis cogn. Author manuscript; available in PMC 2017 March 22.
